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This  report  is  coouemed  with  the  developnent  of  two  aystens  where¬ 
by  the  behavior  of  a  dog  nay  be  controlled  by  remote  electrical  BtimulatloD 
of  certain  brain  structiuws.  The  first  system  employs  aniltiplc  electrodes 
with  control  by  elicited  reiipi>nees,  l,e,,  for  exonplo,  otlmulutiou  at  one 
electrode  altc  produces  forced  turning  while  rrtlmulaticn  at  another  elec¬ 
trode  site  products  walking  or  running. 

The  second  system  involves  a  singla  electrode  laq)liu>ted  In  a  sub- 
cortii  a  area  at  which  electrical  stinulatigo  haa  behavioral  reward  pro- 
pertiea.  Stimulatlcn  at  that  site  pi’oducon  forward  progrcsalon  which 
COD  be  Ibaped".  By  ea^loyiug  the  rewording  stlaivlatlon  both  to  encourage 
progresolan  and  to  differentially  revard  faster  and  faster  progrcaaion, 
the  dog  can  be  trained  to  follow  a  "beam”  of  otiaulatioo  from  any  point 
In  the  open  field  to  any  other  point.  This  system  Is  versatile  In  the 
sensr  that  the  exoerlaentor  exerting  control  cv^r  the  dog's  behavior  can 
at  will  rcdlrec*:  tiie  dog  to  u  tai'get  area  different  from  the  Initial  oao. 
At  present,  thu  nTotein  lu  llwited  to  line  of  olgbt  control. 


ANNUAL  HEPOW 


I.  Aims 

The  bwsic  aim  of  eortruct  tf  DA-*»9“193-MD-2288  is  to  examine 
the  feosablUty  of  diotnnce  control  over  the  behavior  of  a 
"five  rofaming"  doi;.  St«cifically,  ve  are  concerned  with  the 
problem  of  developing  a  procedure  whereby  a  dog  can  be  guided, 
through  the  use  of  electrical  etiaulation  of  the  brain,  frea 
any  arbitrary  point  in  on  open  field  to  ony  other  arbitrary 
point  in  that  field.  Stimulation  is  to  be  delivered  to  the 
dug  by  ueana  of  a  portable  6tiaulator»reeelver  unit  on  the  dog 
which  ie  controlled  by  a  diatont  transmitter. 

II.  Ibu  Final  Solution  to  Bene  Perolstai.t  Problems 

Our  previous  annual  report  identified  •u.b  ,1*'’ li.au,  aioog  with 
some  soluticna.  A  few  of  the  problema  proved  to  be  iUusoryi 
aolutions  to  some  of  the  others  were  inadequate.  We  will  very 
briefly  review  the  present  atatus  of  our  worh  in  tenaa  of  those 
probloca. 

A.  The  technique  of  mounting  the  electrode  to  the  dog* a 
akuXl,  in  conjunction  with  the  ciq)  dcoigned  to  protect 
the  entire  aaseiably  ,  bea  been  obundooed.  We  experienced 
several  iDstanceu  of  the  clectrodoa  being  damaged  or 
even  torn  loose  while  the  dog  was  la  bis  home  cogc. 

While  the  plastic  cap  nerved  to  prevent  demuge  in  the 
lield,  continuous  use  of  the  cap  in  the  home  cage  was 
nob  practical  because  of  the  interference  witn  tlu<  dug's 
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nonaul  muvL-menta.  Iti  addition,  we  Ua<l  difficulty 
wj  .h  ini'cctloii  oiouud  tlic  electrode  ui'^e,  since 
the  ::kin  vould  nut  lietil.  While  untibiciticB  were  rou¬ 
tinely  used  to  control  infection,  oozing  fluids  would 
<.>n  o^cscloti  short  the  electrodes. 

Tti>!  system  was  abtoduued  and  re|>lnced  with  another 
that  has  proved  to  he  entirely  adequate.  The  electrode 
is  Implanted  and  the  vires  .lurt  below  the  pedestal  are 
Pent  ut  tt  90°  angle  so  that  the  pedestal  lies  along  the 
skull.  connector  is  oecui'ed  to  the  pedestal,  and 
the  whole  assesibly  ia  covered  with  dental  csMnt.  The 
akin  is  then  drawn  over  the  hardened  cement  and  the  In- 
eialoa  la  eloaed.  Sine*  the  electrode  is  encased  in 
cemnt,  it  is  protected  from  shorting}  since  the  incision 
is  closedf  healing  occurs ,  and  tl;  ^’’'^''llty  of  infec¬ 
tion  is  averted.  The  coonectc  xeods  nre  passed  sub¬ 
cutaneously  along  the  dog's  neck  and  brought  out  between 
the  shoulder  blades  where  the/  are  fastened  to  a  perean- 
ont  dog  barnoBs.  Tlie  entire  system  has  proven  to  be 
quite  Butisfactory, 

B.  Tile  social  teaduncios  of  the  dog  in  general,  and  the 
roaponne  of  the  Beagle  to  punlobnent  in  particular,  hoe 
not  proven  to  be  a  problem  of  any  consequence. 

C.  The  electrode  pleceannt  bos  continued  to  be  reliable  in 
|)rovidl.Rg  poaltive  reward  offectn  upon  ntinralation .  Tlie 
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(''•wrtlinat'in  (uLoreutoxlc  atlaa  by  birc,  Liu,  and  Moffibt) 
ore.  Al’  1‘0,  L  2-2.5,  V  7-/). 

Tito  iHirioble  utlBaildtoi^rceelver  unit  and  transnlttcr 
and  built  for  ur.  Iiy  HPI.  (fnrwerly;  IWFL)  hoa 
been  nbundoned.  Aa  suspected  previously,  tbs  units 
wore  never  In  entiefsetory  operatine  condition. 

In  order  to  obtain  the  necessary  equipment,  vo  contacted 
r.  local  orfuuiization,  Levis  liasocintAs,  Inc.  of'^tbesda, 
Morylond ,  representing  Culton  ^tedlcal  Instruments , 

Willov  Orove,  Pennsylvania.  The  unit  vas  designed  in 
accordance  witU  our  specifications.  Hie  stimulator 
output  VOS  a  100  cps  sine  v&.-e,  vitb  adjustable  p«ak-to- 
pcak  voltage,  tbe  saxiimui)  being  16  V,  After  delivery, 
a  mulfunction  developed,  and  the  unit  wes  returned  to 
the  manufteturer.  The  malfxmctiOD  was  corrected,  end, 
at  the  suns  time,  the  powc,'  output  vas  Incroused  to  50  V, 
peak-tu-peak.  The  unit  is  presently  functioning  veil, 
and  it  repreoents  our  first  usable  device. 

In  gur  previous  report,  we  8tat<  1;  "Since  the  control 
of  bohevlor  can  resolved  in  orge  measure  to  the 
problem  of  stimulus  control,  we  are  undertaking  a  series 
of  stiaauus  generalization  and  discrimination  studies,... 
That  work,  predicated  oo  the  .'.esumptloii  that  free  field 
control  of  tte  dog's  behavior  would  involve  a  series 


stinulus  coBEsands,  eech  Cuing  a  response  such  as 
valkisgt  stopping*  tuminff,  etc.,  was  begun.  The 

a 

setting  for  that  work  was  standard  dog  chacbers  fit- 

* 

ted  with  paw-press  oenipulanda. 

V 

jy.T,  fieseerch  srd  Ascosplishments 

A.  31sv.’ter.ootis  vf.th  the  work  oa  stim’J.ns  control  in  the 

t 

dog,  we  began  to  e:qplorc  a  differert  prccednre  for 
guiding  the  free  roaring  orcsr.irr'.  Instead  o?  discrete 
stisuii.  {such  as  tone,  clicker,  qniet)  exerting  control 
over  discrete  reeocajses  {such  aa  stop  and  stand*  ttim, 
walk)  we  coBcsi’^d  of  a  "hering  beaff"  technique  in  which 
a  gixes  slicker  frequency  vs-  ecrrelcted  '•d.th  the  esperl- 
aenter-ehosen  treeking  path.  J^rrrintief^  Trtjs  the  path  hy 
the  dog  vorild  result  in  a  ehisage  in  dicker  frequency. 

The  deg  we^Jld  then  krr»  to  :^tum  to  the  preth  by  dterlBg 
directlOR  of  locosttlon  so  r.~>  tc  relnstcto  the  t-ve-path 
clicker  frequency,  "he  ’•cr-cr-tior.  tst'-cen  thr  ndainis- 
traticr.  of  r«»*»rdlng  brfS-  stirulrtion  cod  the  series  of 
dicker  frequencies  w-e  open  tc  cecjecture,  end  the  best 
solution  was  to  be  eaplriesUy  fetersdned.  Ve  began 
coastraetire  «.  rat  ar.slogur  to  the  hcEdrg  bees  syatea. 

B.  An  open  field,  approxlantely  6  x  i  feet,  van  corrtrjcted. 
jtn  overhend  pulley  end  5pri-f  eyct-n  vaa  dc’tifcd  sc  that 
electrode  leads  co»ild  be  ettarsef  to  a  rai  "!*:.■.?  perrsit- 
t;nr  hiR  free  •.ceesr  to  dl  parts  rf  the  field,  i 
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bv  nK.*nnn  of  wJiich  n-jvcrril  ciickor  fr«>iuenclc8 
rcmld  be  I'lvnontcd  to  tlit;  riit,  wan  Inatulled  over  th<* 
o',k;ii  field.  A  tr-rpet  coiinistln"  of  concentric  rlnus  and 
I'  bull'u  uvf  was  pro.iecUHl  onto  h  mirror  In  which  the 
oX|K‘j'iB«.'itLer  could  ace  the  open  field.  Each  rlnp  of  the 
tiirpct  wiu)  correlated  with  a  presed;  clicker  frequency, 
lowcat  ill  the  outemat  ring  uit'.  hif'heat  in  the  bull's 
eye.  Aa  a  first  opproxLnutioo  to  a  corrclstion  between 
l»rfumnncc  in  the  open  field  and  rewarding  brain  stlnu- 
lation,  we  arranged  for  burets  of  rewarding  stimulation 
to  bi;:  delivered  to  thu  rat  at  the  sane  frequency  oc 
the  clicKor.  Tbua,  if  the  rat  were  located »  oayi  in  a 
I'lnfi:  which  VOS  iilentificd  bv  a  clicker  frequency  of  one 
]wr  sec,  then  it  would  receive  ooe  burst  per  occ  of 
etimulatioa.  'llie  outermost  ring  nn>d>!.*ed  a  cllcher  and 
Btiiiiulatlon  frequency  of  one  per  2.?  sec.  Beyond  that 
rini',  the  frequency  was  sero.  In  order  to  obtain  a  isore 
favorable  frequercy  of  otinulatiou^  the  rat  bed  to  find 
the  direction  olonp  wliich  locoaotiou  would  bring  him 
uloocr  to  the  experinentor'u  bull's  aye.  Tbe  target, 
and,  lieiicc,  the  location  of  the  bull's  eye  could  be 
cbouged  from  ti'lal  to  trial. 

Duritir'  the  course  of  tralnlnf;;  o  rut  in  thin  situation, 
ve  manlpuiuted  sono  of  the  parnmaters  of  otlnulation  in 
order  to  expl«»rc  their  effect'*.  We  dlaeovered  that  by 
s<.tttinK  eocli  burst  at  about  200  msec  aud  providing  for 


R  frequency  of  three  bursts  per  see,  an  intensity  of 
stlGulaticr.  could  be  found  for  each  rat  that  vould 
produce  for/ard  proeression.  vrnes  the  stiBulatim 
vas  turned  off.  progression  ceased.  The  rat  vould  ' 
ther.  aove  his  hend  from  side  to  side  in  vbat.ve  vould 
characterise  as  "seeking'*  bahaylor.  When  the  stiamlatloB 
vas  tamed  on  erair.,  progressicn  veuld  begin  aacv  in  the 
direction  in  vfeich  the  rat's  bead  vas  poiatinr  at  the 
onset  of  stiBulation.  Thus,  the  clicker  vss  disecn- 
nected,  and  ve  developed,  the  nev  technique.  With  each 
rat  that  ve  tested,  all  of  ‘-iiich  hsd  positively 
revBrdln<r  electrodes,  vc  were  »bi«  to  guide  the  rat 
from  any  point  is  the  opes  field  to  ary  other  by  the 
procedure  which  will  now  be  stated  esplleitSy: 

1.  In  the  ab*e**ee  of  stiaralitioBy  the  rat  etsssds  rtill  tad 
moves  hit  head  (and,  soBet’ce-,  the  forverd  pert  of  hie 
body)  fwm  side  to  aide  "scchlnq"  the  directico. 

2.  When  the  rav  is  fadog  In  the  dlrectlcB  of  the  target 
point  in  the  opes  field,  the  stfnnlsticr.  is  turned  on 
and  delivered  is  the  foro  of  200  nsec  trains,  three 
such  trsias  per  see.  The  invariable  Tepponte  of  the 
ret  is  to  locoasC*  it  the  direoticn  ia  vhleh  it  van 
facing  when  stiBulatien  was  tumef.  cn- 

3-  If,  daring  the  course  of  loccoctlcn,  the  ret  rtrsTS  free 
the  path,  or  if  the  direction  vas  act  precisely  on 
target,  the  rtlmlatior.  is  tumed  off,  osd  stsp  2  is 
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repeated,  followed,  if  oecessary,  by  step  3. 

The  next  stcn  was  to  determine  if  the- mt  could  be  ^ 
guided  orer  obstacles  ia  the  field.  The  field  was  divi<ted 
into  Bine  areas  by  lengths  of  2  x  2  vood  placed  on  the  floor. 
There  v«re  no  difficulties  encountered,  and  guidance  vas 
positive.  Tinall;',  the  barriers  vere  reaovsd,  and  the  field 
was  flordcd  ••'jth  ^«.teT  to  a  depth  rf  io.  aatlEuss,  A 
platfcit!  vas  installed  in  one  comer  of  the  field,  Sy  the 
use  of  the  above  procedure,  it  va*  possible  tc  rove  the  rat  off 
the  platfors  and  "svlo’’  It  to  any  point  in  the  field.  The 
control  over  awi-iraing  is  i::5)ortent  in  tvo  respects; 

1.  Siwusfir^  i«  not  s  "raVlixe''  behavior.  Thus,  the  field 
control  exerted  by  positively  r'.‘iJtfo:*cinf  brain  otisu- 
latioa  is  adequate  to  atlniela  behavior  uncstss,'.  for  the 

species. 

!?.  SwSanls^  involve?  ■CTaa.eo.t?  -.liffercrt  froa  Tunning. 

Thus,  the  pro^recsioe  obtsiov'’  o-  r  dry  serf  ace  eomot 
be  ccniidered  to  be  elicited  'rose'e  sovesoiito.  It 
appears  to  be,  rather,  a  gesur'.o-  "soproech’  behavior 
under  the  coptrcl  cf  a  poeltlw  mirforeer.  The  word 
approach  ie  in  <jHOtes-  since  the  rr?.JiforrTr  is  ret  "out 
'.here"  but  ths  sri’wi''.  bebrrse,*  thcrji^  it  were. 

C,  TV  applied  the  procedure  develsced  with  rv-tn  tc  can-  dogs. 
Because  our  diftar.ee  stisu-letor  -ar  still  bring  rsou- 
faot.ured.  it  was  necessary  to  erplor  a  "direct  line" 


^5^;...  r  .'^«aaS!is*«rSv^  -'■■•'  ■  “'’  ■■' 


irr:i:' -.-rrjrt.  W.^n  ♦•.;.t  -  ■•  r i  jn.  v.; 

a  i'  jriCfii  ■  “:•  x  :'  :  r*.-.-*. ,  t:-'- 

« 

;';cla  aiijcirsin^  'J-i-  1  A::  ov(fr‘,:j!iri  nyiter 

i 

rr;-.ttfd  dir^irt  .'f.’nn'*ct.i£f.  o;"  i  'Jnc,':.  -.■I'.-ctr:. Jsi? 

•-•-■A  •  >■: th-  lar.*jr;itvry.  *!. jtialiicic^: 

V 

•-■■ii!  delivered  tc  the  dc;;  by  the  experinenter  vho 

occupied  a  piece  olcT^^'.siA^  the  aiiclosiire.  Two  irTportiC' 

/ 

r<  rtult ;;  vere  obtained  with  this  procedure: 


EJr.ployiim  a  dop  with  a  slctrle,  ponitiv;  reinfcrciri.r 
£•1  ■tetrode,  ve  observed  ’’approach'’  behavior  on  stiau- 
Istion.  -This  dor.  Sari,  did  v.v''t,  however,  r.cv»  ns  rapidli' 
as  our  rats  did.  Rather,  haltir..;  raw  erterricnc  vero 
the  rule.  Sy  ‘udiciously  apr-iyi.,',  orie:‘  'C,5  sec)  trains 
stiruiatiop. .  it  --ijr  r visible  tc  30ve  Sar.  fres  one 
pcint  ir.  the  field  to  another,  Proereesion  wao 
characterised,  hcwnvtr;  by  pnrtisJ.  pew  rtevesents  and 
step  by  part  step  valkinr. 


•>100  ’'<re<'ived,  the  pcrtable  stir-Alntcr  siibstitutea  ‘ 

:'or  "direct  lino".  .Ml  work  nir.es  ther  erroioyin.e;  positively 
reveriine  electrodes  has  been  dons  vith  the  cortable  stiaulatcr- 


iv--r  and  tra-mnltter  ur.ir.'-,.  ?rr.  w.c.r!  traireJ  in  th-.r  fenced 
-r  re  to  lr"-cr.-;t  !:-.c  rceei  of  T  .'C' r:\i--n,  iV-ic  vr*.': 

::"I'  hod  t-y  '■■iryini;  the  r  are-Tvierr  of  rtirr';!-.'.!;!'"''.  (inteoLii 
r-  jon  cy;  ;ttn»  wiwre,  tx/ilr.  durcvio.";  ri:r  stina latte:;  end 
i.f*':.;*/  */f  3?- litter*  ? .  r?!torL-lt,y 
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iiK>Vei»*iiL.  AL  the  proper  inten;:!''.;/ (.flOO  nlcror,nr.»r'‘!j) ,  Rrm  moved 
ronrtii'cl  on  stlnulcition.  Frcqucnc-;,  or  bow  often  stimulation 
ua^i  delivered  to  tbc  dog,  vas  an  cssantial  variable  in  orer- 
corJi-a  the  hesitant,  step  by  step  proiwessiou.  Stimulating 
the  dog  leas  often  increased  the  rite  of  locoaotion. 

?,  Osployinp:  dogs  vlth  several  electrodes  implanted  per  dog, 
some  aimed  ut  positive  relnforcementsltes  and  others 
aimed  at  negative  (or  aversive)  reinforcement  sites,  in 
conjunction  with  "direct  line"  eonnectioik  to  the  stimu¬ 
lators,  us  devised  s  second  method  of  control.  This 
method  cannot  be  used  with  our  portable  stimulator  inas¬ 
much  on  more  tb&i  a  slncle  channel  of  stimulation  Is 
required.  In  addition,  scmwvfaat  bi^er  Intensities  of 
stitailation  are  required  for  thl«  ">ethoe  than  i" 
available  vlth  the  portable  stluilotor. 

This  second  method  involves  elicited  responses.  Some, 
but  not  all  dogs  vith  several  electrodes  have  a 
combination  of  electrodes  such  that  by  stimulating 
through  them  in  an  appropriate  sequence,  the  dog  magr  he 
B!oved  from  any  point  In  the  field  to  any  other  point  in 
the  field.  The  rucpcnses  prodiicod  by  stimulation  are 
such  as  head  and  torso  turning,  nmining,  stopping,  etc. 
These  responses  to  stimulation,  in  contrast  to  those 
produced  by  lover  level  stimulation  through  a  rewarding 
ciectix)de,  have  tlie  clmractcr  of  involuntary,  reflexive 


behavior.  Sone  tire  difficult  tc  characterize,  hovever; 
runuin/f,  aometimea  r.ecma  to  be  cacaT>e  behavior,  iierhops 
voluntary.  • 

A  conparlsm  of  the-  two  Bethuds  ntiy  he  Bade  as  follows: 

1.  The  single,  positive  electrode  in  a  one-elestrode 
system,  whereas  the  elicited  behavior  technique 
requires  more  than  one  electrode." 

2.  Lover  levels  of  atlnulotloD  can  he  used  with  the 
positive  electrode  syoteu.  It  may  be  possible  to 
reduce  the  required  level  of  stiaailation  for  the 
nultiple  electrode  systea  by  using  other  electrode 
placeacnts. 

The  hunsn  observer  would  characterize  the  behaviors 
obtained  with  the  two  systems  in  very  different  terns. 
The  system  tnotloj'lne  a  single,  positive  electrode 
produces  "voluntary"  beliavior  of  a  tracking  sort. 

The  enimal  literally  keeps  his  nose  to  the  ground 
as  though  sniffing  out  the  reword.  Tbs  system 
employing  multiple  electrodes  often  produces  "in¬ 
voluntary"  behavior  reflexive  bead  tur'cing  and, 
BOBetlmes,  backing  un  are  examples  In  the  fomer 
system,  the  snlmal  seesm  drawn  forward;  in  the  latter, 
pushed  forward. 

h.  The  single  electrod  ,  positive  reward  system  seems  to 
produce  a  greater  homogeneity  in  the  final  performance 
than  the  multiple  electrode  technique.  In  the  several 


dogs  trained  with  either  ol'  the  two  techniques,  the 
doRs  with  '.ho  slnKlo  electrode  ore  virtually 
identical  in  their  traching  fsi^fo^snces.  With 
the  Multiple  electr'-'ie  technique,  the  several  dogs 
are  remarkably  different  inacmich  as  different 
reflexive  responses  are  used  to  move  and  guide 
the  dogs. 

5.  To  date  ,  tl>e  second  method  oaployisg  reflex 
elicitation,  moves  the  dog  from  the  starting  to 
the  finish  point  in  less  time.  Whetlicr  or  not  the 
second  method  con  be  improved  in  this  respect  Is  an 
experimental  question. 

The  single,  positively  rewarding  clcotrode  system  has 
been  used  in  the  large,  open  field.  After  Initial 
adxqptatinn  to  end  training  in  thi*  proc«*dure,  the  dogs  have 
been  permitted  to  track  in  e  large  open  space.  The 
experimenter  stendn  near  the  transmitter  with  the 
operate  switch  in  bis  hand.  The  dog  ie  placed  in  the 
field  with  the  portable  8tlDBd.ator-recclver  on  his  hack. 
The  experimenter  then  chooses  oome  arbitrary  point  In 
the  field  ns  his  target  point.  By  stimulating  the  dog 
with  short  bursts,  locomotion  is  produced.  If  the  dog 
deviates  from  the  desired  path,  stioalatiou  Is  stopped 
until  the  dog  is  facing  the  target  point,  at  which  time 
stimuloticD  is  reconiienced.  K«  have  been  «d)le  to  move 
Sui  from  any  point  In  the  field,  through  a  predetermined 
path,  to  any  other  point  in  the  field.  The  prsdetermined 


patli  noy  be  on  n  direct  line  or  a  Eig-zag  with  In- 
temedinte  riubtorgeto . 

A  aeconC  doi',  Leroy,  bos  received  the  saoe  training  oo 
Srae  end  has  also  been  tested  in  the  large,  open  field. 

We  have  obtained  the  sane  results.  Leroy  will  track 
from  any  given  point  in  the  field  to  oqy  other  point 
in  the  field.  Control  is  positive,  and  the  topi.^rq>hy 
of  hia  behavior,  as  indicated  above,  iu  very  close  to 
that  of  San.  A  third  dog,  Hubie,  Is  finishing  the 
prclioinaxy  stages  of  training  in  the  sasll  cnclocure, 
and  bis  perfonsance  to  date  indicates  that  be  viU 
perfons  eusenttally  as  do  Sou  and  Leroy.  A  fourth 
dog,  Runt,  is  beginning  prcllmusi>  training  in  the 
fenced  area. 

Data 

Until  nov,  vc  have  been  concerned  with  qualitative 
cansideratloos.  Our  successes  and  failures  have  been 
sessurod  in  terns  of  clear  Yes  and  Ro  ansvera  to 
atraitdttforvard  questions.  With  the  developnent  of 
the  control  ayotcsi,  and  the  success  In  its  use,  ve  are 
devising  a  quantitative  systen  in  order  to  evaluate 
^■erfoncance  aaone  the  several  dogs  and  the  results  of 
tl'c  BSAlpulation  of  technique  paraaeters  vltbln  the 
single  dog.  A  quantitative  technique,  even  one  as  crude 
as  running  tine  in  feet  per  second  frou  starting  point 
to  finishing  point,  vould  permit  finer  dlscriniuatlona 
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rurion^r,  the  perfomunces  of  our  dogs  thau  ve  have  been 
nailed  ut>i>n  to  moke  until  now. 

The  rtiheerch  described  above  hus  been  documented  by 
meoiiu  of  photographs  and  moving  pictures.  Those  data 
will  be  included  in  our  final  report. 

Suoautry'  end  Conclusions 

This  rdporb  describee  the  dovelopnent  of  tvo  teehniqueo  for 
the  control  of  dog  behavior  In  the  field  through  the  uss  of  ' 
remotely  controUed  brain  atlmulatlco .  The  first  stage  of 
the  research  focused  on  the  development  of  open  field  bebsvlcr 
control  with  a  lower  and  experlasntally  more  convenient  oiv 
ganlsB,  the  rat.  Several  early  methods  for  tbe  control  of 
movement  in  tbe  rat*  using  auditory  stimuli  as  cues  tor 
correct  and  incorrect  movements  in  the  i'Ull,  'in^roululng, 
Hovercr,  ve  discovered  that  at  certain  intensities  and 
frequencies  of  brain  stlatulsticn  "autcmutlc  valking"  occurred. 
This  vrlking  bebavicr  vos  shown  to  be  o'  Her  than  simple 
reflexive  or  elicited  walking,  since  the  animals  vould  cliihb 
over  barriorc  or  svia  through  water  during  the  application 
of  brain  stiaulation.  Dy  Judicious  application  of  the  brain 
stimulation,  sioveinent  from  one  point  In  the  field  to  any 
other  tioint  was  rapidly  achieved. 

Using  tbe  techniques  developed  with  the  rats,  ve  turned  our 
efforts  toward  tbe  control  of  dog  belxavior  in  the  field.  Tvo 
methods  were  developed.  Tbe  flrot  method  (using  direct  line 


stlmulsticn)  Involves  alternate  atiiaiWition  of  two  electrode 
sites.  Stiinul/iiion  of  each  electrode  produces  an  elicited 
motor  effect,  e.p,.,  tuminr  of  the  body  or  forward  movement. 

Xiy  selectively  stimulating  one  electrode  or  the  other, 
produciag  turning  aovements  or  forward  movement,  we  are  able 
to  move  the  dogs  from  one  point  In  the  field  to  any  other. 

The  development  of  the  aecond  method  coincided  with  the 
delivery  of  our  first  usable  disianoe  stimulator.  (Operation 
of  a  trsusmittcr  triggers  a  small  stimulator  carried  bj'  the 
dog  in  the  field.)  In  this  method,  we  use  the  positive 
rewarding;  effects  of  brain  stimulation.  A  single  electrode 
In  this  case  is  niaed  at  the  median  forebroin  bundle.  When 
the  animal  walKs  in  the  correct  direction  (toward  the  target) 
rewarding  brain  stimulatiOD  is  given.  When  the  oniaal  walks 
in  the  wrong  direction  (awoy  from  the  bruin  ntlmu- 

lation  is  withheld.  By  careful  delivery  or  withholding  of 
brain  stimulation,  delivered  remotely,  we  con  control  the 
movement  of  the  dog  frem  one  point  in  the  open  field  to  another. 
We  ore  currently  working  on  the  development  of  quantitative 
methods  for  smasursment  of  performance  in  the  field.  This 
will  permit  us  to  compare  the  effectiveness  of  different 
electrode  sites  and  diffexent  training  methods. 

Those  results  demonstrate  the  fe  nibllity  of  controlling  the 
movesent  of  dogs  iu  on  open  field  by  the  use  of  remotely 
controlled  brain  stimulation.  Future  work  mi^t  center  about 
1)  the  development  of  control  methods  where  the  animal  is  out 
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of  Ihi:  line  ol'  alrfit  of  the  expcriiuontur ;  2)  the  aeTelopment 
of  u  repertoire  of  behavior:;  in  ndrtltlon  to  unjiting;  for 
rifiiitin*',  diR/»inp.,  vociiliintlon,  etc, ,  with  each 
inriJuiiiLc  behavior  under  the  control  cf  tht;  cxijcrinenter  by 
mean:;  of  reaotclj'  controlled  bruin  stimulation. 


fiomc  aiiplicationii  cf  the  methods  of  control  democDtrated  here 
can  be  suggested:  1}  inspection  of  areas  dangerous  to  non; 

2)  rescue  uurkt  \dtere  an  animal  carrying  supplies  con  be 
guided  to  survivors  In  Inccccaslble  or  dangerous  areas i  3) 
with  the  development  of  sdcroBinlaturieed  equipment  that  cen 
be  burled  beneath  the  skin  or  in  the  body  covitles.  dogs 
carrying  mlcrophoneB ,  radiation  detectors,  or  other  electronic 
sensors,  Bight  be  used  for  certain  United  types  of  recoo- 
nalssance;  t)  carrying  exposed  W  enmeran  these  animals 
might  be  used  for  suirclUoncc  of  forward  coobat  areas,  or 

detccticxi  of  anbusli,  etc. 
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